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I.

GENERAL INTRODUCTION

In our laboratory, the labellar glands, located in the
distal portion of the haustellum of the fly's proboscis
(Fig. 1) became of interest when it was found that these
glands exhibited different staining properties from those
of the lingual salivary glands, located in the thorax and
abdomen.

Upon review of the literature, it was found that

discrepancies existed as to the function of these glands.
No function was given to the glands in Lowne's original
work of 1870 on the anatomy and physiology of the blowfly.
Kraeplin (1883) and Lowne (1890) suggested that the glands
served to keep the oral pad moist with a "viscous secretion"
which differed from ". . .the clear watery secretion of the
lingual glands."

At present, no one has demonstrated their

function and discrepancies even exist as to where the ducts
of these glands empty.
Kraeplin (1883), Hewitt (1910), and Miller (1950)
stated that the ducts ended in a pair of pores in the oral
pit.

Lowne (1870), however, described the ducts as ending

in a'feet of recurved hairs" on the labellar pad and later
(1890) as ending in orifices between the pseudo-tracheae.
Recent work in our laboratory has centered about feed¬
ing behavior in Phormia regina (Meigen)(Calliphoridae) and
chemoreception in this fly.

Sturckow (1967) showed the

existence of a viscous substance at the tip of the labellar
taste hairs in the blowfly.

The origin of this material is
1
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unknown but; it has been implicated in sensory transmission
at the receptor level (Amakawa et al., 1972; Kawabata et al.,
1973).

Recent work suggests that this is<*-glucosidase.

The question arose as to whether or not these labellar
glands were producing this viscous substance since Lowne
(1870) stated that these glands terminated in a "set of
recurved hairs" on the labellar pad and in 1890 mentioned
that the secretion of these glands was viscous, differing
from "... the clear watery secretion of the lingual
glands."
The musculature, mechanics of operation, innervation,
and much of the morphology of the proboscis of the Brachycera
and Cyclorrhapha flies have been thoroughly studied (Lowne,
1870; 1890; Hewitt, 1910; Graham-Smith, 1930; Dethier, 1959;
Wilczek, 1967).

Yet until recently, the so-called "salivary

gland of the oral disc" (Lowne, 1870) had been accepted as
such. It has been established in our laboratory that
labellar glands exist in many higher Diptera with sponging
mouthparts, including: Tephritidae, Coelopidae, Muscidae,
Syrphidae, and Calliphoridae, in addition to Tabanidae and
Asilidae.

But specific accounts of cellular structure have

all been at the light microscope level.

No ultrastructural

work exists.
The purpose of this investigation was to study the
labellar glands of Phormia regina at the ultrastructural
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level.

Structure is discussed and related to possible

function(s) for these glands.
This thesis consists of a literature review which pro¬
vides a general introduction to the structure and function
of the labellar glands of higher Diptera and also insect
epidermal glands.

The remainder of the thesis is written

as a paper entitled:

Ultrastructure of the Labellar Glands

in the Adult Female Black Blowfly, Phormia regina (Meigen)
(Calliphoridae).

II.

A.

LITERATURE REVIEW

Labellar Glands
Prior to 1955 these glands were termed labial salivary-

glands.

Snodgrass (1955) used this term with respect to

glands of the head appendages as they occur in all insects
and ignored the specific existence of the labellar glandular
structures in higher Diptera.

As Snodgrass pointed out, the

labial glands of the head appendages in all insects are
“commonly known as the

'salivary glands', but since their

function is variable and has not been definitely determined
in many cases, they are better termed the labial glands."
Miller (1950) and Peairs and Stoffolano (197*0 termed these
glands labellar glands as is used in this investigation.
The glands of the thorax and abdomen are termed lingual
salivary glands in this study.
The labellar glands, are transparent, sac-like, paired
organs located at the distal end of the haustellum lateral
to the elastic ligament and hypoglossal sclerite about the
prestomal cavity in Phormia regina (Peairs and Stoffolano,

197*0 •

Lowne (1890) and Graham-Smith (1950) described them

in Galliphora erythrocephala (Meigen), Hewitt (1910) and
Kraeplin (1885) in Musea domestica L., Peairs and Stoffolano

(197*0 in P. regina, Dean (1955) in Rhagoletis pomonella
Walsh, and Whitfield (1925) and Owsley (1945) in several
members of the Asilidae.

4
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Peairs' and Stoffolano's (197^) descriptive study of
the labellar glands gives recent support at the light
microscope level for many long reported observations.

The

dimensions of the glands in Phormia regina differ from
those given by Hewitt (1910) for Musea domestica but Peairs
and Stoffolano (197^) add that the glands appear similar
histologically and in location to those described in other
higher Diptera.
Lowne (1870) described the labellar glands as a group
of spherical cells accompanied by ducts ending in a set of
recurved hairs on the labellar pad with a branch of the
"main nerve" extending to them.
this nerve was not made.

The specific identity of

Kraeplin (1883) further describes

the cells as large with vacuoles and intracelluar ducts that
empty into a pair of pores into the poculum (oral pit).
Continued studies by Lowne (1890) revealed large nuclei in
each gland cell.

Lowne stated that the branching ducts,

with no detectable cellular lining and often distended with
a "coagulable fluid," empty between the pseudo-tracheae in
"nipple-like orifices."

This differs from his report of

1870 where he stated that the ducts ended in a set of re¬
curved hairs.
Hewitt (1910) adds that in the house fly, M. domestica,
the intracellular ducts open to the side of the vacuole
within each cell and empty into the oral pit.

The ducts

appeared as circles within the vacuoles of each cell in
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M. domesitca (Hewitt, 1910) and in P. regina (Peairs and
Stoffolano, 1974-) •

Hewitt noted that the "permanent

circular vacuoles" bore a "thin chitinous intima."

He be-

lieved that the ducts formed a number of finer ducts'on the
ventral side of the discal sclerites which united and
emptied through a pair of pores into the oral pit.

Further

work on the proboscis of the blowfly by Graham-Smith (1930)
suggested that there was a sheath surrounding the labellar
glands which enclosed the glands along with a rounded pro- • .
cess about the labial gutter.

Unlike previous reports,

Graham-Smith found small branches from the labial nerve
extending to the outer wall of the labellar glands.

Wilczek

(1967) also noted that the fibers of the labial nerve
extended to the labellar glands.
In Rhagoletis pomonella, the apple maggot fly, Dean
(1933) reported the gland to be composed of twenty large
cells each "connected with a common efferent pore by means
of fine ducts."

This pore penetrated the chitinous plate

at the side of the mouth.

The glands, while separate an¬

teriorly in the apple maggot, fused posteriorly.

Dean

suggested that the glands developed independently from
invaginations of the foregut.
found about the glands.

A basement membrane was

Each cuboidal cell formed a "spur"

reaching into the lumen of the gland.

The non-luminal side

of each cell was enlarged and flattened.

Anteriorly in each

gland a duct arose which fused with that duct of the other
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half to form a common duct leading to the pharynx.

The

thin-walled duct ensheathed in a thin epithelial layer had
a chitinous intima with spiral thickenings as in the
taenidium of tracheae.

Dean (1933) found no muscles

associated with the glands and mentioned nothing of inn¬
ervation.
In Drosophila, as observed by Miller (1950), the
labellar glands formed two pyriform groups of large
epithelial cells enclosing an irregular ,,lumenu that opened
centrally to a short, small-celled duct proximal to the tip
of the labrum.

The glands possessed a thin basement mem¬

brane and a thin lumenal lining.
The robber flies, Asilidae, also possess labellar
glands (Whitfield, 1925; Owsley, 194-6).

However, the

structure varied somewhat in different genera.

In Asilus

notatus, the labellar glands were small, lying folded
completely ^rithin the labium while for Erax, Proctacanthus,
V . *

and Promachus spp., the glands were coiled and extended up
into the head capsule from the labium.

According to

Whitfield (1925) the glands emptied near the tip of the
labium.

Owsley (194-6) stated that the glands were basically

the same in all the Asilids as they consisted of " .

.

.

epithelial cells clustered around a duct formed of a
spirally thickened chitinous intima."

The large, rounded,

columnar secretory cells with rounded outer edges contained
large nuclei.

One layer of irregularly arranged glandular
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secretory cells surrounded the central duct.

The labellar

glands of Asilidae possessed no limiting membrane * according
to Owsley.

Two possible functions for the labellar glands have
been proposed.

Kraeplin (1883) and Lowne (1890) first

suggested that the glands served to keep the oral pad moist
with a "viscous secretion" which differed from "... the
clear watery secretion of the lingual glands."

Secondly,

Whitfield (1923) claimed that in Asilids the labial glands
(=labellar glands) functioned to lubricate the interior of
the proboscis and served as salivary glands, digesting food
tissue, while the thoracic glands (=lingual salivary glands)
served a poisonous function.

No experimental evidence was

given to support either of these ideas.
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B.

Epidermal Glands
On the basis of cuticle presence and the method of

glandular secretion, Noirot and Quennedey (197^) identified
three classes of epidermal glands.

In class 1, the gland

cell secretion must cross the cuticle which the gland cell
is in contact with and has produced.

In class 2, the gland

cell secretion passes into modified epidermal cells (called
columnar or intercalary cells which are equivalent to a
class 1 gland cell) before crossing the cuticular border.
The third gland type, class 3? possess a cuticular ductule
which runs from the gland cell into a "ductule or canal
cell" which produced the ductule.

The ductule cuticle is

continuous with cuticle, upon which the secretion is re¬
leased.

A one to one relationship may exist between gland

and ductule cell but an extra cell, the intercalary cell,
may be found between the two.
Glass 3 gland types are numerous among insect epidermal
glands and will be discussed at length in this paper to the
exclusion of the other gland types.

This is because the

labellar glands of P. regina are type class 3* with a one
to one relationship between gland and ductule cell.
In general, two structures may be discussed that en¬
compass most epidermal glands.

Of utmost importance is the

extracellular secretory cavity of the glandular cells.
secretory apparatus is an area within the secretory cell

The
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differentiated to allow conveyance of secretion to a
ductule, ultimately to the exterior of the gland proper.
Throughout the literature on epidermal glands this secretory
area has been given several names.

Structurally, all the

secretory areas studied are not exactly alike and the
different terminology may be appropriate.

A paper on the

left colleterial gland of the cockroach by Mercer and
Brunet (1959) describes the "end-apparatus11 as the secretory
area of that gland.

An end-apparatus was described for the

pheromone gland of the scorpionfly (Crossley and Waterhouse,

1969)? the defensive glands in Dytiscus marginal!s L. (Kuhn
et al., 1972), the glandular apithelium of an abdominal
tergite in the cockroach (Plattner et al., 1971) and for
various other epidermal glands.

Eisner et al.,

(1964)

refer to a "secretory vesicle” with a "cuticular organelle"
in the defensive gland of a beetle.

Happ (1968) used the

same terminology when describing the defensive glands of
two Coleoptera but referred to the secretory area of a
phasmid's terpene-producing gland (Happ et al., 1966) as a
"cuticular secretion reservoir."

Tullock et al.,

(1962)

used the term "canaliculus" to describe the secretory area
in the metasternal glands of ants.

Beams et al.,(1959)

merely discussed "intracellular ducts" that emptied
"secretion masses."

In 1961, Beams and Anderson used the

term "intracellular ductule" to describe the secretory area
in abdominal glands of a Carabid beetle.

11
An "end-apparatus” is described in one of the first
electron microscope studies of an exocrine gland, the left
colleterial gland of the cockroach Periplaneta americana L.
(Mercer and Brunet, 1969).
This apparatus, a secretory cavity, was composed of
surface invaginations of the epidermal secretory cell, form¬
ing a boundary of microvilli.

A fibrous material called

"feltwork" lined the microvilli.
End-apparatus-like structures were reported in the
several-chambered secretory structures of the quinoneproducing glands of the Tenebrionid beetle Eleodes longicollis (Leconte) (Eisner et al., 1964).

This secretory

design is similar to that for the pygidial glands of Bledius
mandibularis (Happ and Happ, 1973).

The terpene-producing

gland of the phasmid Anisomorpha buprestoides (Stoll)
(Happ et al., 1966) contained a well developed end-apparatus
which they described as a "cuticular secretion reservoir."
Stein (1966, 1967) found an extensive "fibrous component"
in the end-apparatus of the Hemipteran stink gland of
Pyrrchocoris apterus L.•

The secretory area in the

pydigial glands of a water beetle, Dytiscus marginalis L.,
existed in two distinct forms.

In one type of cell, a

chitinous ductule ended in a "racemous" structure.

In the

other cell type, the ductule ended in a "bulbous swelling"
(Kuhn et al., 1972).

Each type had "... a massive inner

and a spongy outer wall layer. .

." within its secretory
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cavity.

In the defensive glands of Eleodes (Eisner et al.,

(1964) and Bledius (Happ and Happ, 1973), the distal-most
cell possessed a secretory area invested with the ductule
tip.

The ductule traveled down into an intercalary cell

forming a “bulb" region with fine "cylinders' encompassing
the ductule.

Beyond the "bulb" region within the inter¬

calary cell, a "switch-back" region was also formed (Happ
and Happ, 1973).
A simple end-apparatus extended in the unicellular
pharyngeal glands of the honeybee (Beams et al., 1939).
"Secretory masses" collected about the ductule within the
secretory cell. Here the ductule wall had an inner, dense
and incomplete layer continuous in its path through the
secretory mass.

The ductule's middle layer was granular

and its outer, non-lumenal, layer a ".

. . less well de¬

fined memberane layer" (Beams et al., 1959).

It was pro¬

posed that secretion entered the ductule through the breaks
in the ductule's wall within the "secretory masses."
Tullock et al.,

(1962) described an absorbing unit

in the unicellular secretory gland of the metasternal glands
of ants which they termed a "canaliculus."
cells are not associated with a canal cell.

These gland
The secretory

cavity and cuticular ductule are associated within one
cell.

The canaliculus differs from an end-apparatus in

that the canaliculus includes "... the entire blind
intracellular organelle which is continuous with the
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cuticle.

.

." in one cell.

Within the gland cell, this

canaliculus consisted of a ".

.

. diffuse arborescent

periphery, a granular middle layer and an interrupted
inner layer around the lumen permitting flow into the
lumen."

As the canaliculus left the gland proper it

appeared as a ".
cuticle."

.

. discrete tube with an intact epi-

It was suggested that secretion passed down the

inside of the microvilli surrounding the cavity and exited
via "temporary gaps" in the ductule membrane.
A complex end-apparatus occurs as when the ductule
travels through an additional intercalary cell.

In the

intercalary cell, the ductule may not change in structure
or it may become differentiated.
In summary, it is found that the end-apparatus is
usually comprised of a thin, electron-dense, limiting
outer layer about the secretory cavity with a thicker inner
layer of fibers (Noirot and Quennedey, 1974).

Often when

present, the thin outer layer possesses pores and is
definitely continuous with the cuticle of the ductule.

The

fibrillar layer appears less standardized and more difficult
to interpret (Noirot and Quennedey, 1974).

The tubular

filaments present in various end-apparatuses are in the
range of 100 to 200 2 in diameter.

Noirot and Quennedey

(1974) suggest that these tubular filaments are not
cytoplasmic microtubules.
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Cuticular ducts are the other important common feature
of epidermal glands, at least in type class 3 glands;
Noirot and Quennedey (1974-) proposed that the ductule in
type class 3 glands were composed entirely of epicuticle
separable into a thin outer epicuticle of three or five

o
layers (130-200 A) and a thicker homogeneous epi-cuticle.
This was exactly the interpretation of Tullock et al.,
in the case of the ant metasternal gland ductules.

(1962)

Locke

(1957) determined in -electron microscope studies that the
epicuticle had an outler layer which he termed cuticulin.
It appeared as a thin, dense line (not much thicker than a
plasma mebrane) and was found over the entire cuticular
surface of an insect, including gland ducts.

Cuticulin

appears to be absent only from some sense organs (Slifer,
1961) and the gut (Bertram and Bird, 1961).

The cuticulin

layer was essential in determining surface patterns of the
cuticle (Locke, 1966).

Generally, the cuticle becomes

porous upon entering the end-apparatus (Noirot and
Quennedey, 1974-).

In an uncomplicated secretory cavity,

the ductule, secreted by a canal cell, travels into the
end-apparatus area, the end-apparatus merely being an
extension of the ductule but of different composition.
In the type B epidermal glands of Rhodnius prolixus
(StShl) (Lai-Fook, 1970), the ductule in the intercalary
cell became dilated into a large saccule or reservoir.

The

ductule may take on various names for its number of forms.
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For example,

in Bledius the ductule formed a "bulb" and
"

"switchback” region within the intercalary cell of the
pygidial glands.
Epidermal glands may have various functions among
different species and even within the same species
and Quennedey,

1974-).

(Noirot

Several reasons exist for the

difficulties encountered in determining the function of an
epidermal gland.

It must be remembered that the tissue

is processed through various fixatives and chemicals in order
to be in a condition suitable for electron microscope
examination.

This may result in loss of small molecules

which are often important in insect secretions (Noirot and
Quennedey,

1974-)•

Usually the secretory products are

unusual biological components whose synthesis is not under¬
stood (Noirot and Quennedey,

1974-).

Chemical analysis may

not easily identify secretory products as in the case of
volatiles.

Then,

too,

as in complex epidermal glands,

pygidial glands of Bledius,

eg.

the glandular unit may produce

several components making complete chemical analysis
difficult.

Histological and biochemical information must

be added to ultrastructural information to yield a sound
hypothesis of a gland's function (Noirot and Quennedey,

1974-).

In the Tenebrionid Eleodes longicollis (Happ,

1968),

interpretation of the defensive gland's function was
accomplished only after histological and biochemical
information was added to the ultrastructural knowledge of
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that gland.
Class 3 gland cells with their extracellular compart¬
ments may be well adapted to manufacturing toxic products.
The gland cell organelles may produce non-toxic prosecretory
material, which upon reaction with other materials within
cuticular reservoirs and ductules, becomes toxic to no
detx*iment o.f the secretory cell. The great lengths of the
ductules supports this "reaction chamber" (Happ, 1968) idea.
Cuticular enzymes exist, too, which may allow poison form¬
ation in the cuticle far from the secretory cell.

Another

conceivable occurrence is that the compartments might allow
reabsorption of molecules thus adding to the difficulty
encountered in determining the function of an epidermal
gland.
At the present, it is shown that functionally two
categories of epidermal glands exist:

one for defensive

purposes and one for intraspecific communication, i.e.
pheromones (Noirot and Quennedey, 1974-).

III.

ABSTRACT

The fine structure of the labellar glands in adult,
non-diapausing, female Phormia regina is described.

These

epidermal glands, located on both sides of the proboscis
in the distal portion of the haustellum, are comprised of
unicellular secretory cells coupled to an efferent ductule
which is accompanied by an ensheathing canal cell.

The

cuticular ductule within the secretory cell empties an
extracellular, microvillus cavity, the end-apparatus.
The ductules condense to form a pair of ducts which traverse
the epidermal layer of cells around the hypoglossal sclerite.
Septate junctions are found between secretory cells
and canal cells but not between any other cell borders.
Tracheae are seen occasionally between secretory cells or
between secretory and epidermal cells.
The function of the labellar glands remains unknown;
however, their possible function is discussed with refer¬
ence to previous reports.
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IV.

ULTRASTRUCTURE OP THE LABELLAR GLANDS IN
THE FEMALE BLACK BLOWFLY, Phormia retina
(Meigen) (Calliphoridae)
"

INTRODUCTION
The labellar glands are transparent, sac-like, paired
structures located at the distal end of the haustellum
lateral to the elastic ligament and hypoglossal sclerite
and surrounding the prestomal cavity in Phormia regina
(Meigen)

(Peairs and Stoffolano, 1974)•

These glands have

been studied with use of light microscopy in various higher
Diptera

including the house fly, the blowfly, Drosophila,

the apple maggot fly, and several Asilidae.
Discrepancies exist in the literature over the site(s) of
duct egress.

It was proposed that they empty into a pair

of pores in the oral pit (Kraepelin, 1883; Hewitt, 1910;
Miller, 1930) in a "set of recurved hairs'1 on the labellar
pad (Lowne, 1870) or in "nipple-like orifices" between the
pseudo-tracheae (Lowne, 1890).

Furthermore, two different

functions have been given to these glands.

Kraeplin (1883)

first suggested that the glands functioned to keep the oral
pad moist.

Lowne (1890) agreed with Kraeplin and added that

the glands secreted a "viscous" substance which differed
from ".

•

.the clear watery secretion of the lingual

glands," the salivary glands located in the thorax and
abdomen.
idea.

No experimental evidence was given to support this

Secondly, Whitfield (1925) claimed that in the

18
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Asilidae the labial glands•(= 1abellar glands) functioned
to lubricate the interior of the proboscis and served as
salivary glands, digesting food tissue, while the thoracic
(= lingual salivary glands)

served a poisonous function.

This paper describes the ultrastructure of the labellar
glands of P. regina.

The glandular unit consists of a

unicellular secretory gland associated with a canal cell
that surrounds the cuticular,

efferent ductule.
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MATERIALS AND METHODS
The black blowfly, Phormia retina, was reared according to
and S't o-f -f o l cl ri. o

the method of Calabrese,\(197zO for non-diapause induction.
Adult female flies of known age were anesthetized with
carbon dioxide.

The proboscis was cut off between the

haustellum and rostrum and placed in cold fixative while
the glands were dissected out or exposed.

The tissue of

interest was placed in fresh cold fixative and allowed to
reach room temperature for the duration of the fixation.
Fixatives consisted of either a 2.5$ glutaraldehyde, 1.0$
paraformaldehyde solution in 0.1 M cacodylate buffer
adjusted to a pH of 7-2 or a 3-5$ glutaraldehyde solution
in 0.2 M cacodylate buffer adjusted to a pH of ?.H-m After
a 2-3 hour fixation period, the tissue was washed for 1
hour in the appropriate buffer, post-fixed in a 1.0$ OsO^
solution buffered with the appropriate cacodylate buffer
for 5 to 6 hours, washed in distilled water for 1 hour,
stained with a 0.5$ uranyl acetate solution overnight,
washed for 1 hour in distilled water, dehydrated in an
alcohol series followed by propylene oxide (in a 2:.l then
*

^

1:2 ratio of absolute alcohol to propylene oxide respect¬
ively) , and embedded in Epon 812 following infiltration
mixtures of 2:1 and then 1:2 of propylene oxide to Epon 812
respectively (Luft, 1961).

Silver and gold sections were

cut with glass knives on a Sorvall Porter-Blum MT-2 ultra-
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microtome,' stained in saturated uranyl acetate in 70#
alcohol, then in one of three lead citrates (Reynolds, 1963;
t

Venable and Coggeshall, 1965; Sato, 1968), and viewed in a
Phillips 200 or 300 electron microscope.
Thick sections (lju) for light microscopy were stained
with azure II-methylene blue (Richardson et ad., I960).
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RESULTS
General Anatomy, Light Microscopy
Examination of Igu sections of the labellar glands in nondiapausing female P. regina at the light microscope level
shows their pyriform shape (Pig. 1).

Actually the secretory

cells form a shell about chitinous ductules which are ensheathed by epithelial cells (termed canal cells in this
paper).

A sinus is defined by the outer border of the

gland cells and a bounding membrane.

This membrane attaches

dorsally to the epidermal layer of cells around the elastic
ligament surrounding the hypoglossal sclerite (Pig. 2).

An

oval nucleus appears prominently in each glandular cell
along with an extracellular secretory cavity, an "endapparatus'* (Mercer and Brunet, 1959), previously termed a
"permanent circular vacuole" (Hewitt, 1910) (Pig. 5).

A

circular area often appears within the end-apparatus which
was interpreted by Hewitt (1910) to be the duct opening
(Pig. 4).
A chitinous ductule ensheathed by an epithelial cell,the
canal cell, extends from each secretory cell within the
gland (Pig. 3).

With phase contrast optics it is seen that

a ductule travels from each secretory cell and shortly
condenses to other ductules forming an entangled mass with¬
in the glandular shell (Pigs. 3, 7).
also seen (Pig. 8).

(Mhal cell nuclei are

For each gland, this mass of ductules

consolidates to form a pair of ducts which traverse the epi-
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dermal layer of cells around the hypoglossal sclerite
(Pig$.5, 6).

In each gland, this pair of ducts merges into

one duct which is thought to ultimately open at a single
pore in the lateral-ventral portion of the oral aperture,
along the

rim supporting the prestomal teeth (Pig. A).

No nerve, muscle, or tracheal associations were seen at
the "light microscope level of observation.

Upon staining

Ijx sections for light microscopy, dark and light gland cell
types became evident (Pigs. 2, 5? 6).

In addition, pale,

blotchy areas appear In both cell types (Pig. 5).
Each gland contains approximately thirty secretory units;
each unit consists of one secretory cell connected to a
chitinous ductule within a canal cell.

The secretory unit

is diagramed in Fig. 9*

Ultrastructure of the secretory cell
The oval nucleus is large (ca.

x 12/i) and is located in

the apical portion of the secretory cell on its distal
side.

The nuclear margin may appear smooth or scalloped

(Fig. 10).

A darkly stained nucleolus and chromatin

material often appear prominently within the nucleus.
The oval or oblong mitochondria, though not abundant in
the secretory cell, are evident about the invaginated plasma
membrane which defines the secretory fcjtvity (Pig. 11).
Large dense and pale vesicles also congregate about this
cavity (Pigs. 11, 12).
bound.

Both vesicle types appear membrane

The matrix of the pale vesicle seems similar to the
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matrix within the central portion of the secretory
cavity (Fig. 12).
The "end-apparatus” (Mercer and Brunet, 1959) within the
secretory cell, a structure concerned with secretion, con¬
sists of a cavity peripherally bordered with microvilli
that are slightly more than 1 m long and about 670 2 in
diameter (Figs. 11, 12, 13).

Occasionally the distal

portion of the microvilli abut against a thin ring of
electron-dense material (Fig. 13).
Beyond the microvillus border within the apical portion
of the secretory cavity is an electron-lucid area filled
with globules ranging from 350 2 to 4,300 2 in diameter.
They have varied electron densities and appear myelinated
or membrane bound in several cases (Figs. 13* 14)•
The globular area is a structured area of three con¬
centric zones (Fig. 14).

The outermost zone adjacent to

the globules is a narrow (ca. 1,300 2) moderately electrondense zone.

This zone surrounds a middle zone of con¬

centrically oriented feltwork-like material possibly "meshlike cuticle” (Forsyth, 1970) which is internally bounded
by a disrupted border apparently a membrane (Fig. 14).
This membrane forms the outside border of a granular matrix
which occupies the center of the end-apparatus.

The plasma

membrane may possibly be continuous with the epicuticle of
the efferent ductule (Fig. 14).

The ductule, whose inner

lumenal diameter is approximately .1 ju at the end-apparatus
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Junction, Joins the secretory area from the proximal, basal
portion of the secretory cell.
Small inclusion granules often appear in sparse clusters
within the cytoplasm of the secretory cells.

Each granule

is on the order of 550.2 x 1000 2 or circular with a
diameter of about 350 2.

They are not in rosettes as is

characteristic of glycogen (Pig. 15) but are apparently
cylinders.

The pale, blotchy areas seen at the light

microscope level are found to be areas of dilated smooth
endoplasmic reticulum and have a low electron density
(Pig. 1?)•

When viewed at the electron microscope level

they are elongate, on the order of .5*1 x 1m.

Golgi bodies

have not been observed within the secretory cells.
The dark cell type is full of endoplasmic reticulum,
both granular and agranular (Pig . 17).
the cytoplasm matrix.

Pree ribosomes pack

Pale elliptical areas of dilated

endoplasmic reticulum are particularly evident in the
dark cell types.

The light cell type (Pig. 16) has

relatively less endoplasmic reticulum in its cytoplasm,
especially granular.

The amount of free ribosomes seems

less in the light cell type. All other aspects of the two
cell types appear to be similar.

Relative numbers of each

cell type in the gland as a whole is roughly the same.
Ultrastructure of the ductule and can.al cell
The ductule emptying the end-apparatus is chitinous as
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demonstrated by clearing the glands in 10$ KOH so that
merely the duct-work of the glandular system remains.

The

ductule possesses its own epithelial sheath, the canal
cell (Figs. 18, 19).

The canal cell weaves its way up into

the secretory cell to a point where the epicuticle of the
ductule alone might possibly meet the end~apparatus (Fig. 14).
Septate junctions often mark the boundary between the
secretory cell and canal cell (Fig. 14).
The cuticle of the ductule usually exhibits three distinct
layers.

The innermost, lumenal layer is a thin, rather

darkly pigmented layer of epicuticle averaging less than
400 2 in width.

The middle layer appears fibrous, moderately

pigmented, and is generally much thicker than the epicuticle,
on the order of several tenths of a micron.

The outermost

layer, adjacent to the canal cell cytoplasm, generally is
the thickest layer and appears rather electron-lucid (Figs.
18, 19, B, 0).

Often extensive membrane involutions occur

between the canal cell cytoplasm and the ductule’s outer
cuticular layer.

The middle layer and outer layer contain

strands of darkly stained material, more being present in
the middle layer.

The material is oriented circumferentially

about the lumen but is not always exceptionally well dis¬
tinguished.

Generally, when these three layers are not so

distinct, the outer-most, non—lumenal layer then appears
rather smooth and homogenous. The material within the lumen
of the ductule appears either granular or smooth and homo-
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gei^us (Figs, 14, 18, B, C).
The ductule tip within the end-apparatus of the secretory
cell is in a Mfenestrated" (Happ and Happ, 1973) condition,
i.e. appears discontinuous (Fig. 14).

The end-apparatus'

inner membrane layer might possibly be continuous with the
innermost, lumenal epicuticular layer of the ductule
(Fig. 14).
.

Smooth-surfaced nuclei of the canal cell are of varying

shapes and seem as if they are contorted to accommodate the
lack of space in this sometimes narrowed cell.

This cyto¬

plasmic covering of the ductule may be as narrow as .4>u on
either side of the outer layer of the ductule cuticle
(Fig. 18).

The cytoplasm of the canal contrasts markedly

with that of the secretory cell.

More mitochondria exist

in the ensheathing cell's cytoplasm than in that of the
secretory cell (Figs. 18, B).

Small vesicular material,

free ribosomes and endoplasmic reticulum are present, al¬
though fewer in comparison to the secretory cell.

The

canal cell’s plasma membrane forms complex involutions at the
cuticular border with the ductule (Figs. 14, 18, B, G).

No

Golgi bodies are evident in the canal cell cytoplasm.
It is believed that a product elaborated within the
glandular secretory cell and sent into the end—apparatus is
transported through the cuticular ductule within the adjoining canal cell.

The product continues through the

ductules which cross an epidermal layer of cells to a main
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duct.

Associated cells
At the ultrastructural level, it was found that the
tracheal system invades the labellar glands.

Tracheoles

run between the secretory cells and along the junctions
of the epidermal cells and secretory cells at the dorsalproximal portion of the gland.

These tracheoles are not

numerous, however, and do not exist between every secretory
cell.
The epidermal cells that surround the mouth opening and
hypoglossal sclerite meet the glandular secretory cells at
the dorsal proximal margin of the gland and along most of
the gland’s proximal side (Pig. 1).

No specialized cell

junctions occur between the epidermal and secretory cells
or epidermal and canal cells.

The epidermal cell nucleus is

oval or somewhat oblong, ca. 3.Qu x 5.Op. (Pig. D).

Its

scalloped nuclear membrane encompasses well defined patches
of chromatin and an often distinct nucleolus.

The cyto¬

plasm of these cells has numerous large and small mito¬
chondria and numerous free ribosomes.

Some granular and

agranular endoplasmic reticulum is present.

Vesicular

material occurs in abundant quantities on the cell margins
facing the sclerite, away from the gland.

This margin

along the sclerite is often puckered^nd complexly
invaginated to form a microvillus border.
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A bounding membrane attaches dorsally and ventrally to the
glandular mass (Fig. 2).
this strand of cell(s).

Several nuclei may be seen along
Cytoplasmic organelles are sparse.
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DISCUSSION
i

Labellar glands are present in several Diptera in¬
cluding members of the Brachycera and Cyclorrhapha with
extremely different feeding behaviors.

The glands are

present in omnivorous flies such as the blowfly, Phormia
regina, predaceous flies such as the Asilidae,

liquid feed¬

ers of decaying plant material such as the Drosophilidae,
the apple maggot fly, Rhagolet us pomonella,
flies such as the Tabanidae.
are absent in Stomoxydinae
blood feeders,
feeders.

However,

the labellar glands

(Patton and Cragg,

and the Culicidae,

At the present time,

1913) who are

blood and plant-juice

few structural studies have

been done on the labellar glands.
'

and biting

This is the only ultra-

structural investigation of the labellar glands.

With the

established existence of these glands in many flies of such
diverse feeding behaviors,

the important and interesting

problem concerning the function of the labellar glands still
remains unsolved.
Structurally,

the labellar glands are similar to most

other insect integumental glands in that they possess an
extracellular secretory cavity fully complemented with
microvilli.

Secondly,

they possess a cuticular ductule with

an accompanying carrying cell,
tioning secretory unit.

extracellular to the func¬

More specifically,

glands are type class 3 epidermal glands
Quennedey,

1974),

the labellar

(Noirot and

based on their possession of a cuticular
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ductule which runs from the secretory cavity in the gland
cell into a “ductule or canal cell" which produced the
ductule.
As is also characteristic of insect epidermal glands,
the labellar gland cells function not as secretory epithelia,
but as unicellular glands (Gupta and Smith, 1969; Tombes and
Roppel, 1972) and contain an extra cellular cavity in the
secretory cell formed by an invaginated plasma membrane,
the end-apparatus.

The existence of end-apparatus-like

structures in most epidermal glands is well established
(Mercer and Brunet, 1959; Happ et al., 1966; Grossley and
Waterhouse, 1969; and Happ and Happ, 1973)•
Two general patterns occur in the end-apparatus
(Noirot and Quennedey, 1974).

First, one consists of

microvilli extending into a cavity containing no organelles
or else a microfilamentous core.
pheromone

This type exists in the

gland of the scorpion-fly (Grossley and Water-

house, 1969), where extensive elongated filaments penetrate
a granular

mass within the microvillus border,

and in the

pygidial glands of Dytiscus (Kuhn et ad., 1972).

The other

pattern, as exists in the labellar gland secretory cells,
consists of microvilli extending into a cavity containing
an irregular canal and/or a vesicular area beyond the
microvilli border, likely related to the endoplasmic
reticulum (Noirot and Quennedey, 1974)•

This case is also

exemplified in the defensive glands of the phasmid
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Anisomorpha (Happ et al., I960) in the intercalary cell
of the epidermal glands in Tenebrio moliter L.

(Delechambre,

1973)» and in the defensive glands of Bledius mandibularis
(Happ and Happ, 1973).
As apparent in the labellar glands, it is usually
found that the end-apparatus is comprised of a thin,
electron-dense, limiting inner (lumenal) layer around the
secretory cavity with a thicker outer layer of fibers
(Noiret and Quennedey, 197^)•

Often when present, the thin

lumenal layer possesses pores and is definitely continuous
with the cuticle of the ductule.

This was not absolutely

established in the case of the labellar glands.
it is thought to be the case.

However,

The lumenal layer appeared

discontinuous and is thought to be contiguous to the
ductule cuticle based on micrographs obtained.
Peltwork, cuticular filaments or at least filaments
**.

.

.anatomically analogous to cuticle.

•

(Crossley

and Waterhouse, 1969), found just beyond the microvillus
border in the end-apparatus of Periplaneta (Mercer and
Brunet, 1959) and in Pyrrhocoris (Stein, 1967) are not
found in the end-apparatus of the labellar glands.
Cuticular ductules, associated with canal cells and
allowing egress of a secretion product from the endapparatus, comprise the second common feature of epidermal
glands, at least for type class 3.

The fenestrated cuticle

of the ductule-tip in the end-apparatus of the labellar
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glands is apparently like the ductule-tips in the defensive
glands of Bledius (Happ and Happ, 1973).

Noirot and

Quennedey (197*0 proposed that the ductules in type class 3
epidermal glands were composed entirely of epicuticle of
three or five layers and a thicker, homogeneous epicuticle.
Locke (1957) had already defined a cuticulin layer on the
outside of insect epicuticle and stated that this layer was
also present in insect gland ducts.

Contrarily, the ductule

tip within the secretory cells of the labellar glands in
Phormia and within the secretory cells of the defensive
glands in Bledius (Happ and Happ, 1973) apparently have no
cuticulin layer.
The outer border of the secretory cell in the epidermal
glands, more commonly than not, have extracellular channels
formed by membrane invaginations in the basement lamella.
But this is not the case with the labellar glands of Phormia.
Such channels would suggest extensive hemolymph-cell chemical
transfers (Noirot and Quennedey, 197**-) •

This may indicate

that there are no extensive, i.e. none beyond most other
insect cells, chemical transfers between the secretory cell
and the hemolymph of the labellar glands.
Septate junctions are found between the canal cell and
secretory cell in the labellar glands, although no special¬
ized cell junction is apparent between secretory cells.
These findings are consistent with the junctions reported for
other epidermal glands throughout the literature.

Septate

34

junctions are the most commonly found cell junction in
insect epithelial cells (Satir and Gilula, 1973).-

Noirot

and Quennedey (1974) state that the canal cells of type 3
glands are always strengthened by a septate junction as in
canal cell secretory cell boundaries.

These junctions may

not only add strength to the secretory cell-canal cell
boundary, but provide a method of " .

.

. physiological

transport of materials across . . . *' (Satir and Gilula,
1973) these borders.

Additionally, Satir and Gilula (1973)

state that the septate junctions yield a low resistant
corridor from cell to cell allowing electrical coupling.
These situations exist for canal cell-secretory cell
junctions, but not for secretory cell-secretory cell
borders.
What are the labellar glands producing and how is this
accomplished?

Rough endoplasmic reticulum is prevalent in

the labellar gland secretory cell.

It is reasonable to

suggest that protein synthesis may take place in the
labellar glands.

Generally, great development of smooth

endoplasmic reticulum indicates the production of small¬
sized nonproteinaceous molecules as occurs in pheromonesecreting cells, defensive gland cells, and odiferous gland
cells (Noirot and Quennedey, 1974).

Additionally, it is

suggested that the dense and pale vesicles present in the
secretory cell cytoplasm represent a secretory product which
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may pass through the microvilli of the end-apparatus and
into that cavity via exocytosis.

Noirot and Quennedey (197*0

proposed that exocytosis is a possible method of secretion
into the end-apparatus, especially if one assumes the
abundant vesicles of the cytoplasm to be composed of
secretory material*
The role of mitochondria is uncertain in insect epi¬
dermal glands*
processors*

They may merely provide energy for secretory

Conceivably, the inclusion granules found in

the secretory cell cytoplasm may represent the initial phase
of secretory production, although they are not relatively
abundant.

Further study is needed to determine how the

inclusion granules are synthesized.

Protein formation

through Golgi bodies cannot be supported by this study on
the labellar glands as no Golgi bodies are apparent in the
secretory cells or canal cells.

Yet, most epidermal

glands reportedly have Golgi apparatuses.

Through the

technique of autoradiography, synthesis of protein granules
was traced through the Golgi apparatus in the tergal glands
of Blatta (Plattner

et ad., 1972).

The apparent lack of nerve associations in the labellar
glands is in accord with the general lack of innervation
reported for most insect epidermal glands.

It must be

mentioned, however, that Wilczek (1967) noted fibers of the
labial nerve extending to the labellar glands.

It is

suggested by Noirot and Quennedey (197*0 that only
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primitive epidermal glands are under nervous control while
neurohormonal and eventually hormonal control has evolved
for epidermal glands in more advanced species of insects.
The labellar glands are established as epidermal
glands in this study.
glands is unknown.

Yet, the purpose served by these

Indeed, the glands when present may

serve different purposes for each of the Dipteran families.
Kraepelin (1883) and Lowne (1890) first suggested that
the labellar glands functioned not as salivary glands, as
was implied by their original name of "labial salivary
glands," but to keep the labellar pads moist with a
"viscous secretion" which differed from ".

. .the clear

watery secretion of the lingual glands f-salivary glands]."
No experimental evidence was given to support this idea.
Whitfield (1925) claimed that in the.predaceous Asilidae,
the labial glands ( =

labellar glands) served to lubricate

the interior of the proboscis and also as salivary glands,
digesting food tissue, while the thoracic glands (=
salivary glands) served a poisonous function.

lingual

Kahan (1964)

reported no proteolytic activity in the labial (= labellar)
glands of robber flies, but that the toxic effect of an
Asilid bite was due to a substance from the thoracic glands
(= lingual salivary glands).

No further experiments or

suggestions have been made concerning the function of the
labellar glands.
To elucidate the function of the labellar glands, one must

rely on biochemical information in addition to .clues
yielded by studying the relationships of- structure to
function in epidermal glands of known function.

Excluding
,

*

reproductive and allied glands and glands associated with
the preoral cavity, it is shown that two categories of epi¬
dermal glands exist: one for defensive purposes and one for
intraspecific communication, i.e. pheromones (Noirot and
Quennedey, 197^).

The function of the labellar glands may

very well serve one of these purposes.

V.

SUMMARY

The general structure and ultrastructure of-the
labellar glands in adult female, non-diapausing Phormia
regina has been described.

Structurally, these glands are

similar to most other insect epidermal glands in that they
possess:

(1) an extracellular secretory cavity fully

complemented with microvilli and (2) a cuticular efferent
ductule with an accompanying carrying cell, extra cellular
to the functioning secretory unit.

Specifically, the label¬

lar glands are type class 3 epidermal glands (Noirot and
Quennedey, 1974-) and function as unicellular glands.
The end-apparatus consists of an inner (lumenal),
electron-dense, membrane-like layer surrounded by a fibrous
layer, then another electron-dense layer, a globular area,
and, outermost, a microvillus border.
The secretory cell cytoplasm in particular includes
prominent rough endoplasmic reticulum, cylindrical inclus¬
ion granules, dense and pale vesicles around the end-appara¬
tus, and dilated smooth endoplasmic reticulum of low electron
density appearing as pale blotches at low magnifications.
The canal cell cytoplasm includes ribosomes, numerous
mitochondria, and lacks endoplasmic reticulum.
of the ductule contains three layers:

The cuticle

(1) a thin, dense,

lumenal, epicuticular layer,(2) a less dense middle layer,
and (3) an outer layer of low density.
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Membrane

involutions
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occur at canal cell and ductule-cuticle borders.
Septate Junctions occur between canal cell and
secretory cell boundaries.

Tracheae exist between sec¬

retory cells and between the secretory cell-epidermal cell
borders.

No labellar gland, nerve associations are

apparent.
Even though there is much information on the structure
at the light level, the function of the labellar glands
remains unknown.

VI
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VII.
Fig. 1.

PLATES

Diagram of labellar pads (LB) and cutaway of the
distal haustellar region of a proboscis illus¬
trating position and relative size of a labellar
gland (LG).

Note proximity to discal sclerite

(DS) and pharynx (Ph).

Muscles (Ms) and tracheae

(Tr) are seen within the haustellum.

(After

Hewitt, 1910).
Fig. 2.

Oblique cross-section through the proboscis and
labellar glands.

The glands lie on either side of

the poculum (P) (opening to food canal) and
laterally border the hypoglossal sclerite (Hp) and
elastic ligament (El).

An attaching membrane

distally bordering the glands attaches dorsally to
the epidermal layer of cells (Ep) along the elastic
ligament (El).

Dark cell types (DC) and light cell

types (LC) are evident among the glandular secretory
cells (Sc).

Canal cells (Cc) ensheathing ductules

(Dt) are seen leaving secretory cells.

Muscle

tissue (MS) is evident in the upper extreme left and
right sides of the section, x 500Fig. 3-

An entangled mass of canal cells (Cc) is evident
within the shell of glandular secretory cells (Sc),
note the end-apparatus (Ea) within each secretory
cell (Sc) and ductule (Dt) within a canal cell
(Cc). x 1400.
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Pig. 4.

Light micrograph of end-apparatus.

Arrow points

to area interpreted as duct opening, x 4200.
Pig. 5.

Section of labellar gland.

Two main chitinous

ductules (Dt) are seen crossing the epidermal
layer of cells (Ep).

An end-apparatus (Ea) is

seen in a dark secretory cell (DC) and a nucleus
(N) is evident in a light secretory cell (LC).
Note the pale blotches (Pa) within the cytoplasm
of both cell types, x 2400.
Pig. 6.

Oblique cross-section of the proboscis showing pores
(DP) of the main ducts within the elastic ligament
(El) area after having crossed the epidermal layer
of cells, x 710.

Pig. 7.

A phase contrast view of a portion of the gland
squashed and allowed to dry.

Canal cells (Cc) en¬

closing ductules (Dt) are seen branching from a
larger ductule into individual ductules associated
with one secretory cell.

The end-apparatus (Ea) is

evident, x 1200.
Pig. 8.

Junction of canal cell (Cc) with secretory cells.
Note ductule (Dt) within the canal cell (Cc),
/

nucelus of canal cell (N) and nucleus of secretorycell (N). x 2000.
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Fig. 9.

Diagram illustrating a glandular secretory cell
(Sc) with an efferent ductule (Dt).

The secretory

cavity, the end-apparatus (*) with its microvillus
border, contains a globular area and three zones
of material with a broken membrane bounding the
central matrix.

Pale and dense vesicles surround

the end-apparatus of the secretory cell.

Mito¬

chondria, inclusion granules (Ic), rough endo¬
plasmic reticulum, and patches of swollen smooth
endoplasmic reticulum (Pa) of the secretory cell
cytoplasm contrast markedly with the cytoplasm of
the canal cell which contains abundant mitochon¬
dria and ribosomes but lacks endoplasmic reticulum.
The ductule beneath branches off to another
secretory cell.

(The cellulctr organelles are

not drawn to scale).
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Pig. 10.

Electron micrograph illustrating the scalloped
and smooth nuclear borders of two secretory
cell (Sc) nuclei (N). x 6000.

Fig. 11.

A cross section of the microvillus area (V) of an
end-apparatus within a secretory cell (Sc).
Note
the close association of dense (Vd) and pale
(Vp) vesicles along with mitochondria (M) around
this secretory cavity.
Numerous amounts of
rough endoplasmic reticulum (RER) are evident,
x 10,300.

Fig. 12.

A higher magnification of the end-apparatus
illustrating two regions (S-,,Sp) within the
secretory cavity beyond the^microvillus border
(V).
Pale vesicles (Vp), rough endoplasmic reti¬
culum, and free ribosomes (r) are evident in the
secretory cell (Sc) cytoplasm.
Note the similar¬
ity between Sn and the pale vesicular matrix,
x 18,000.
1

Fig. 13.

Globular region (G) within microvillus border (V)
of secretory cavity.
Note the thin ring (R) of
electron-dense material on the distal portion of
the microvilli, x 19,800.

Fig. 14.

Micrograph showing the cavity of the end-apparatus
within a secretory cell (Sc) adjoining a ductule
(Dt) within a canal cell (Cc).
Microvilli globular
area (G), concentric zones (S-,,Sp,S^), and the
discontinuous matrix border (Bd) are evident.
Note the septate Junction (SJ) at the secretory and
canal cell border, x 14,900.

Fig. 15.

Junction of three secretory cells (Sc).
Two clumps
of inclusion granules (Ic) are evident within the
secretory cell, x 19,200.

Fig. 16.

A highly magnified clump of inclusion granules (Ic).
x 80,700.

Fig. 17.

Electron micrograph showing pale areas (Pa) of
dilated smooth endoplasmic reticulum within a dark
secretory cell type, x 43,000.

1

i
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Fig. 18.

Three layers of cuticle (D-^D^D^) are evident in
this cross section of a ductule (Dt) within its
ensheathing canal cell (Cc).

The lumenal,

epicuticular layer (D^) is the thinnest and
densest layer.

Darkly stained strands oriented

circumferentially about the lumen are evidenced
in the middle (D^) and outer (D^) cuticular
layers.

Membrdne involutions (Iv) occur at the

canal cell and cuticle border.

Note the numerous

mitochondria (M) and lack of endoplamic reticulum
within the canal cell cytoplasm, x 27,000.
Fig. 19*

A longitudinal section of a ductule (Dt) and canal
cell (Cc) bordering a secretory cell (Sc).

Note the

three cuticular layers (D-^D^D^) of the ductule and
the canal cell cytoplasm.
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Pig. A

Scanning electron micrograph (taken on an AMR
SEM) of the labellar lobes on the distal end.of
the proboscis in Phormia regina.

A dark spot

within the oral aperture (OA) is thought to be
a duct pore (DP) of a labellar gland.

Prestomal

teeth (Pt) line the rim of the mouth.

The arrow

indicates the dorsal direction of orientation,
x 250.
Pig. B

Micrograph of canal cell (Cc) and ductule (Dt)
illustrating a canal cell's (Cc) cytoplasm filled
with mitochondria (M), a canal cell's nucleus (N)
and the three layers
(Dt) cuticle, x 36,400.

of the ductule
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Fig. C

Another micrograph of a ductule (Dt) showing
clearly the membrane involutions (Iv) associated
with the ductule-cuticle and canal cell-cyto¬
plasmic border.

Note the three layers of the

ductule cuticle, x 69,700.
Fig. D

Micrograph of an epidermal cell (Ep) that is
lateral to the hypoglossal sclerite and borders
the labellar gland.

Note the microvilli on its

border facing the sclerite and numerous vesicular
material within its cytoplasm.

Both smooth and

rough endoplasmic reticulum are present,
x 15,600.

/

